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Description

This invention relates to automated systems for
processing flat panel displays and, more particularly, to
methods and apparatus for handling and processing
glass panels in vacuum with high throughput and mini-
mum contamination.

The fabrication of flat panel displays involves the
deposition of various films, including indium tin oxide
(ITO) and metals, on large glass panels. The glass pan-
els, which are typically rectangular, may have dimen-
sions up to 450 mm by 550 mm or greater. ITO and
metals can be deposited on the glass panels by sputter-
ing from a target of the material to be deposited. In
some cases, such as ITO, the target material may react
with a gas, such as oxygen, in the sputtering chamber.
Sputtering typically involves heating of the substrate
and deposition of the desired film on the heated sub-
strate. The substrate may be preheated in a separate
chamber prior to sputtering.

Production systems for sputter deposition of films
on glass panels should have automated substrate han-
dling, a high throughput rate, minimum particulate con-
tamination, small floor space requirements and high
reliability.

One existing system for sputter deposition on flat
panel displays is the so-called "inline" system, wherein
substrates are moved along a linear or U-shaped path
through various processing chambers. One disadvan-
tage of such systems is that they require a large amount
of floor space in the fabrication facility. In addition, such
systems have limited flexibility in that only serial proc-
esses can be allowed; no parallel processing can be
done.

Another existing system for sputter deposition of flat
panel displays is the so-called "cluster tool". In the clus-
ter tool, multiple processing chambers are positioned
around a central chamber. The substrates are trans-
ferred from the central chamber into selected process-
ing chambers. Existing systems have utilized a
configuration where the substrate has a horizontal ori-
entation and thus is subject to increased particulate
contamination. Existing systems have also had a limited
throughput rate.

All known systems for fabrication of flat panel dis-
plays have had one or more disadvantages, including
yield loss due to particulate contamination, low through-
put rates, high downtime due to frequent cleaning and
target changes, inability to handle large panels, poor
process monitoring, large floor space requirements and
large clean room requirements.

An example of such prior art appears in the article
Beschichtung groBflachiger Glasscheiben durch Kath-
odenzerstaubung by Von Hans-Joachim Glaser,
appearing in Volume 56 (1983) No. 9, pages 231-240 of
Glastechnische Berichte.

In its broadest terms, the invention is set out in
claim 1.
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Preferably, the turntable includes first and second
substrate carrier positions equally spaced from the ver-
tical axis of rotation of the turntable by a distance D. The
transport means may include means for moving the
substrate carriers between the load lock and the first
and second substrate carrier positions on the turntable.
The transport means may further include means for
moving the substrate carriers between the first and sec-
ond substrate carrier positions on the turntable and the
processing chambers. Finally, the transport means may
include means for moving the substrate carriers
between the first and second substrate carrier positions
on the turntable and the unload lock.

The load lock may include a door having means for
holding a substrate. After the door is closed and the
load lock has been evacuated, the apparatus can be
used to transport one of the substrate carriers into the
load lock and to transfer the substrate from the holding
means onto the substrate carrier. The unload lock
includes a door having means for holding a substrate.
The substrate and the substrate carrier are transported
from the turntable into the unload lock, the substrate is
transferred from the substrate carrier to the holding
means, and the substrate carrier is transported back to
the buffer chamber before the unload lock is vented. As
a result, the substrate carrier is never exposed to
atmosphere, and contamination from deposits on the
substrate carrier is thereby minimized.

The load lock and the unload lock may each com-
prise an enclosure defining a lock chamber, a carrier
transport assembly for transporting a substrate carrier
to and between the lock chamber and the central buffer
chamber, a door assembly including a door, a substrate
support arm and a transfer mechanism for transferring a
substrate to and between the support arm and the sub-
strate carrier, and a linear drive mechanism for linearly
moving the door assembly between an open position for
transfer of a substrate to or from the support arm and a
closed position for transfer of the substrate to and
between the support arm and the substrate carrier.

Typically, the substrates are rectangular or square
glass substrates. The substrate carriers hold the sub-
strate in a vertical orientation, with its edges at about
45° with respect to horizontal, as the substrate is trans-
ported through the system and is processed.

In a preferred embodiment, six processing cham-
bers are located around the central buffer chamber, and
six substrate carriers are used for transporting sub-
strates through the system. The processing chambers
may include three sputtering chambers and three pre-
heating chambers.

According to another aspect of the invention, a
method for handling substrates in a vacuum processing
system is provided. The vacuum processing system
includes a central buffer chamber, a load lock, an
unload lock, two or more processing chambers dis-
posed around the buffer chamber and coupled to the
buffer chamber, and two or more substrate carriers for
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transporting substrates within the system. The method
comprises the steps of loading a substrate into the load
lock and evacuating the load lock, transferring the sub-
strate to one of the substrate carriers, transporting the
substrate and the substrate carrier from the load lock
onto a turntable in the buffer chamber, rotating the turn-
table about a vertical axis of rotation into alignment with
a selected processing chamber, transporting the sub-
strate and the substrate carrier from the turntable into
the selected processing chamber, processing the sub-
strate in the selected processing chamber, transporting
the substrate and the substrate carrier from the selected
processing chamber onto the turntable, rotating the
turntable into alignment with the unload lock, transport-
ing the substrate and the substrate carrier from the turn-
table into the unload lock, and venting the unload lock
and removing the substrate from the unload lock. The
preceding steps are repeated for two or more substrates
in a time-multiplexed manner, such that two or more
substrates are processed concurrently by the system.
Examples of the invention will now be described
with reference to the accompanying drawings in which:

FIG. 1 is a layout diagram of a vacuum processing
system in accordance with the invention;

FIG. 2 is a schematic, cross-sectional top view of
the system of FIG. 1, showing substrate handling
and processing;

FIG. 3 is a schematic elevation view showing a sub-
strate carrier and carrier transport assemblies used
in the vacuum processing system;

FIG. 4 is a schematic, cross-sectional elevation
view showing the buffer chamber and turntable
used in the vacuum processing system;

FIG. 5A is a cross-sectional view of the sputter
source used in the vacuum processing system;
FIG. 5B is an enlarged, partial, cross-sectional view
of the sputter source;

FIG. 6 shows the heater used in the preheating
chambers and in the sputter deposition chambers;
FIG. 7 shows an assembly used in the load lock and
the unload lock for transferring substrates to and
from substrate carriers;

FIG. 8 is a schematic diagram that illustrates the
motion of the unload lock door between open and
closed positions;

FIG. 9 is a schematic diagram that illustrates the
lock doors in the open position;

FIG. 10 is a top view of an alternate embodiment of
the load lock and the unload lock;

FIG. 11 is a cross-sectional view of the unload lock,
taken along the line 11-11 of FIG. 10;

FIG. 12 is a schematic, cross-sectional view of the
unload lock, taken along the line 12-12 of FIG. 11;
FIG. 13 is a cross-sectional view of the door assem-
bly, taken along the line 13-13 of FIG. 11;

FIG. 14 is a front elevation of a vacuum gate valve
suitable for use with the system of FIG. 1;
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FIG. 15is a cross-sectional side view of the vacuum
gate valve of FIG. 14; and

FIG 16 is an enlarged lateral cross-sectional view of
the vacuum gate valve of FIG. 14.

A layout diagram of a vacuum processing system in
accordance with an embodiment of the present inven-
tion is shown in FIG. 1. A schematic, cross-sectional
view of the system is shown in FIG. 2. Cabinets for a
system controller, power distribution and control equip-
ment, control equipment for vacuum pumps, and the
like, which form part of the system, are omitted from
FIGS. 1 and 2 for ease of understanding. The system is
designed for handling and processing rectangular or
square glass panels for flat panel displays. More partic-
ularly, the system is designed for sputter deposition of
films on such glass panels. The system is designed pri-
marily for sputter deposition of indium tin oxide (ITO)
films and metal films, but is not limited to such films.

The vacuum processing system of the present
invention utilizes a cluster configuration, wherein vari-
ous processing stations are clustered around a central
buffer chamber. As shown in FIGS. 1 and 2, processing
stations 10, 12, 14, 16, 18 and 20 are positioned around
a central buffer chamber 24. The processing chambers
typically include heating chambers and sputter deposi-
tion chambers, and may include additional functions
such as RF etch or RF bias. Substrates are loaded into
the system through a load lock 26 and are removed
from the system through an unload lock 28. Both the
load lock 26 and the unload lock 28 are coupled to the
buffer chamber 24. Substrates are loaded by a robot 30
from a load cassette 32 into the load lock 26. The sub-
strates are unloaded by robot 30 from the unload lock
28 to an unload cassette 34.

The substrates are maintained in a vertical orienta-
tion at all times during handling and processing in the
system. As a result, particulate contamination is mini-
mized. The substrates are handled and processed by
the system in a time multiplexed manner so that multiple
substrates can be processed concurrently. A throughput
rate of over 100 substrates per hour can be achieved
with ITO film thickness of 2500 angstroms.

The load lock 26 and the unload lock 28 communi-
cate with the central buffer chamber 24 through gate
valves 40 and 42, respectively. Similarly, processing
chambers 10, 12, 14, 16, 18 and 20 communicate with
central buffer chamber 24 through gate valves 50, 52,
54, 56, 58 and 60, respectively. The load lock 26, the
unload lock 28, each of the processing chambers and
the central buffer chamber 24 are evacuated by sepa-
rate vacuum pumping systems. In the example of FIG.
1, the load lock 26 and the unload lock 28 are vacuum
pumped by a roughing pump 43 and cryopumps 44 and
45. Processing chamber 10 is evacuated by cryopump
46. Each of processing chambers 12, 14, 16, 18 and 20
is evacuated by a turbopump 47 and a foreline pump 48.
The buffer chamber 24 is evacuated by a cryopump 49.
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It will be understood that different vacuum pumping con-
figurations can be used within the scope of the present
invention. For example, a turbopump or a cryopump can
be used for vacuum pumping each of the processing
chambers, depending on the requirements of a particu-
lar application. At any time during operation, only one of
the gate valves is open, thus insuring isolation between
the processing chambers and the load and unload
locks.

Substrates are transported through the system on
substrate carriers 64. Each substrate carrier 64 sup-
ports a substrate 66 in a vertical orientation. The sub-
strate carriers 64 are described in detail below.
Substrate carriers 64 holding substrates 66 are trans-
ported through the system by carrier transport assem-
blies between the different chambers and a turntable 70
mounted within buffer chamber 24 for rotation about a
vertical axis 72. The turntable 70 includes substrate car-
rier positions 74 and 76 for retaining substrate carriers
64 during rotation of turntable 70. In FIG. 2, an empty
substrate carrier 64 is present in position 76, and posi-
tion 74 is empty. The substrate carrier positions 74 and
76 on turntable 70 are spaced from vertical axis 72 by
equal distances D. The distance D is selected to insure
alignment of the substrate carrier positions 74 and 76
with substrate processing positions in processing cham-
bers 10, 12, 14, 16, 18 and 20 and with load and unload
positions in load lock 26 and unload lock 28, respec-
tively. This configuration permits the substrate carrier 64
to be transported along a straight line between sub-
strate carrier position 76 and load lock 26 and between
position 76 and processing chamber 14. Similarly, a
substrate carrier 64 can be transported along a straight
line between position 74 and turntable 70 and unload
lock 28 and between position 74 and processing cham-
ber 16. Rotation of the turntable 70 by 180° causes
positions 74 and 76 to be interchanged. Rotation of
turntable 70 by 90° in a clockwise direction from the ori-
entation shown in FIG. 2 causes substrate carrier posi-
tion 76 to be aligned with processing chambers 12 and
18, so that a substrate carrier 64 in position 76 can be
transported to or from either of these processing cham-
bers. Similarly, position 74 is aligned with processing
chambers 10 and 20, and a substrate carrier 64 in posi-
tion 74 can be transported to or from either of these
processing chambers, Rotation of turntable 70 by 90° in
a counterclockwise direction from the orientation shown
in FIG. 2 causes positions 74 and 76 to be inter-
changed.

The turntable arrangement shown in FIG. 2 permits
a substrate and substrate carrier to be transported from
load lock 26 into one of the substrate carrier positions
74, 76 on turntable 70 and from there into any selected
processing chamber. After processing in the selected
processing chamber, the substrate and substrate carrier
can be transported into a second processing chamber
or into the unload lock 28. Thus, the system has com-
plete flexibility and, as described below, can process
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several substrates concurrently for high throughput.

In a first embodiment, the load lock 26 includes a
door 80 having holders 82 for substrate 66. Similarly,
the unload lock 28 includes a door 86 having holders 88
for a substrate. The door 80 of load lock 26 is shown in
FIG. 2 in an open position, and the door 86 of unload
lock 28 is shown in a closed position. In one example
described below, the load lock 26 and the unload lock
28 include double pivoting mechanisms for moving the
doors 80 and 86 between the open position where the
substrate 66 is accessed through a clean room wall 90,
and the closed position where the substrate is sealed
within the respective lock. It will be understood that
other door arrangements can be utilized.

A controller 92 controls the gate valves, the carrier
transport assemblies, the load and unload locks, the
processing chambers the turntable and all other compo-
nents of the system in accordance with the operation
described herein. The controller 92 preferably includes
a computer for storing operational sequences, process
information and the like, and for controlling the above
elements.

The gate valves 40, 42, 50, 52, 54, 56, 58 and 60
have elongated slits to permit passage of the substrate
carrier 64 and the substrate 66. The gate valves should
operate in about 0.5 to 0.7 seconds to achieve a high
throughput rate. The gate valves are described below
with reference to figures 14-16.

A typical sequence for handling and processing of a
substrate is now described. The substrate 66 is trans-
ferred by robot 30 from load cassette 32 to holders 82
on the door 80 of load lock 26. Then the door 80 is piv-
oted to the closed and sealed position and the load lock
26 is evacuated to a desired pressure level. When the
desired pressure level is reached, the gate valve 40 is
opened and a substrate carrier 64 is transported from
load lock 26 into position 76 on turntable 70. The sub-
strate 66 is transferred from holders 82 onto carrier 64,
and the carrier 64 is transported through gate valve 40
to turntable 70. Then, the gate valve 40 is closed, and
the turntable 70 is rotated so that the substrate and sub-
strate carrier 64 in position 76 are aligned with a
selected processing chamber, for example, processing
chamber 12. Then, the gate valve 52 is opened, and the
substrate and the substrate carrier 64 are transported
from turntable 70 into processing chamber 12. The gate
valve 52 is closed, and the substrate is processed in
processing chamber 12. The process in chamber 12
may involve preheating of the substrate. Since the gate
valve 52 is closed, other substrates and substrate carri-
ers can be moved while the substrate is being proc-
essed in processing chamber 12. When the process in
chamber 12 is complete, the gate valve 52 is opened
and the substrate and substrate carrier 64 are trans-
ported onto turntable 70. The turntable 70 is typically
rotated into alignment with a second selected process-
ing chamber, for example, processing chamber 14. The
gate valve 54 is opened, and the substrate and sub-



7 EP 0 665 193 B1 8

strate carrier 64 are transported from turntable 70 into
processing chamber 14. The gate valve 54 is closed,
and the substrate is processed in chamber 14. The
process in chamber 14 may involve sputter deposition
of an ITO film or a metal film. When the process in
chamber 14 is complete, gate valve 54 is opened and
the substrate and substrate carrier 64 are transported
onto turntable 70. The gate valve 54 is closed, and the
turntable 70 is rotated into alignment with unload lock
28. The gate valve 42 is opened, and the substrate and
the substrate carrier 64 are transported into the unload
lock 28. The substrate is transferred from substrate car-
rier 64 to holders 88, and the substrate carrier 64 is
transported back to turntable 70. Then, gate valve 42 is
closed, and the unload lock 28 is vented to atmosphere.
Finally, the door 86 is opened to a position equivalent to
that shown for door 80, and the robot 30 transfers the
substrate from holders 88 to unload cassette 34.

The handling and processing of a single substrate
is described above. In the embodiment of FIGS. 1 and
2, the system includes six processing chambers and six
substrate carriers. The turntable 70 has two substrate
carrier positions 74 and 76. In one specific example,
processing chambers 10 and 12 are used for preheating
of substrates, and chambers 14, 16, 18 and 20 are used
for sputter coating of substrates. Furthermore, the
processing chambers 10, 12, 14, 16, 18 and 20, the
load lock 26 and the unload lock 28 are isolated from
the buffer chamber 24 by gate valves. This configuration
permits multiple substrates to be handled and proc-
essed concurrently in a time multiplexed manner, thus
achieving a high throughput rate. For example. gate
valve 54 is closed during the time that a substrate is
being processed in processing chamber 14. During this
time, additional substrates can be transferred from the
load lock to another of the processing chambers, sub-
strates can be transferred from one processing cham-
ber to another processing chamber, and substrates can
be transferred from a processing chamber to the unload
lock. An example of a complete cycle of the processing
system is shown in Table | below. In this example, four
substrates are processed in a complete cycle. In Table
I, each step represents movement of a substrate to or
from a specified processing chamber, from the load
lock, or to the unload lock.

TABLE |
Chamber 20 out
To unload lock 28
Chamber 12 out
Chamber 20 in
From load lock 26
Chamber 12in
Chamber 18 out
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TABLE | (continued)
To unload lock 28
Chamber 10 out
Chamber 18 in
From load lock 26
Chamber 10 in
Chamber 16 out
To unload lock 28
Chamber 12 out
Chamber 16 in
From load lock 26
Chamber 12 in
Chamber 14 out
To unload lock 28
Chamber 10 out
Chamber 14 in
From load lock 26
Chamber 10 in

A schematic diagram of the substrate carrier 64 and
carrier transport assemblies for transporting substrate
carrier 64 is shown in FIG. 3. The carrier transport
assemblies are also shown in FIG. 4. The substrate car-
rier 64 is preferably a metal plate, such as stainless
steel, having a lower edge 100 for resting on rollers in
each carrier transport assembly and upper edges 102
and 104 for supporting substrate 66. In use, the metal
plate of substrate carrier 64 and substrate 66 have a
vertical orientation. The upper edges 102 and 104 form
a right angle and include V-shaped grooves for receiv-
ing the edges of substrate 66. In a preferred embodi-
ment, the grooved upper edges 102 and 104 of
substrate carrier 64 are oriented at about 45° with
respect to horizontal. Substrate 66 is supported along
two edges by substrate carrier 64. The substrate carrier
64 further includes U-shaped notches 106 that extend
downwardly from edges 102 and 104. The notches 106
are dimensioned to receive holders 82 on load lock door
80 and holders 88 on unload lock door 86. The sub-
strate 66 is lowered onto the substrate carrier 64 by
holder 82 when the substrate is being introduced into
the system. Also, the substrate 66 is lifted from sub-
strate carrier 64 by holders 88 after completion of
processing. In a preferred embodiment, substrate car-
rier 64 is dimensioned to accommodate rectangular
glass substrates up to 450 mm x 550 mm, with a thick-
ness of 1.1 mm. However, it will be understood that the
substrate carrier 64 can be designed to accommodate
substrates of different sizes and thicknesses.

The substrate carrier 64, with or without substrate
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66, is transported within the system shown in FIGS. 1
and 2 by a system of carrier transport assemblies. Each
of the processing chambers 10, 12, 14, 16, 18 and 20,
load lock 26 and unload lock 28 includes a carrier trans-
port assembly. In addition, carrier transport assemblies
are mounted on turntable 70 for transporting substrate
carriers to and from positions 74 and 76. The carrier
transport assemblies on turntable 70 rotate with the
turntable so that they may be aligned with the carrier
transport assembly in a selected processing chamber,
the load lock or the unload lock.

In FIG. 3, a carrier transport assembly 110 may be
located within buffer chamber 24 and a carrier transport
assembly 112 may be located in load lock 26, unload
lock 28, or one of the processing chambers 10, 12, 14,
16, 18 and 20. The carrier transport assembly 110
within buffer chamber 24 is physically separate from the
carrier transport assemblies in the processing chamber,
the load lock and the unload lock, because these cham-
bers are isolated from the buffer chamber by the respec-
tive gate valves, except when the substrate carrier 64 is
being transported between chambers. Furthermore, at
least a portion of the carrier transport assembly 110
within buffer chamber 24 is mounted on and rotates with
turntable 70 (FIG. 4) so that the substrate carrier 64 can
be aligned with a selected processing chamber, with the
load lock 26 or with the unload lock 28.

Each of the carrier transport assemblies 110 and
112 includes a plurality of rollers 116. The lower edge
100 of substrate carrier 64 rests on the rollers 116. The
rollers 116 of carrier transport assembly 112 are driven
by a motor 120, and the rollers 116 of carrier transport
assembly 110 are driven by a motor 122. The substrate
carrier 64 can be transported in either direction by ener-
gizing the motors 120 and 122. The spacing between
carrier transport assemblies 110 and 112 is sufficiently
small that the substrate carrier 64 can be transported
from one carrier transport assembly to the other with a
smooth, uninterrupted movement. Carrier transport
assembly 110 further includes upstanding parallel side-
walls 124 (only one of which appears in FIG. 3) on the
front and back sides of substrate carrier 64. Guide
wheels 128 mounted on parallel sidewalls 124 abut
against the front and back sides of the substrate carrier
64. The guide wheels 128 are driven by the motor 122.
Thus, the guide wheels 128 maintain the substrate car-
rier 64 in a vertical orientation and assist in transporting
the substrate carrier 64 through the system. Similarly,
carrier transport assembly 112 includes upstanding
sidewalls 126 with driven guide wheels 128.

Substrate carrier 64 and carrier transport assem-
blies 110 and 112 maintain the substrate 66 in a vertical
orientation during the entire time that the substrate is
being handled and processed within the system. Thus,
the possibility of particulate contamination is greatly
reduced in comparison with systems wherein the sub-
strate is maintained in a horizontal orientation during
handling and processing. In systems with horizontal
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substrate handling, particles can collect on the upper
surface of the substrate, thereby contaminating the sub-
strate. In addition, the substrate 66 is held by its edges,
thus minimizing the possibility of damage to the sub-
strate surface during handling. Finally, the substrate 66
is maintained above the carrier transport assemblies
110 and 112, thus minimizing the possibility that parti-
cles from moving parts of the carrier transport assembly
will contaminate the substrate.

During processing, the substrate 66 is held in a sta-
tionary position in one of the processing chambers by
the substrate carrier 64. In the sputtering chambers, a
coating of the material deposited on substrate 66 is also
deposited on substrate carrier 64, at least in portions
near upper edges 102 and 104. The coating builds up
over time as the substrate carrier 64 is used to carry
multiple substrates. If the substrate carrier 64 were
exposed to atmosphere each time a new substrate were
loaded into the system, the coating would absorb nitro-
gen, oxygen, water vapor and other gases. When the
substrate carrier 64 was returned to the processing
chamber with a new substrate, outgassing from the
coating could potentially contaminate the processing
chamber. In order to avoid this problem, substrate car-
rier 64 is never exposed to atmosphere during the use
of the vacuuming processing system. In particular, the
substrate carrier 64 is located within buffer chamber 24
with gate valve 40 closed when a substrate is being
loaded into the load lock 26. The gate valve 40 is
opened and the substrate carrier 64 is transported into
the load lock to receive the substrate only after the load
lock 26 has been vacuum pumped. Similarly, the unload
lock 28 is maintained at high vacuum when the sub-
strate carrier 64 is transferring the substrate to holders
88. The unload lock is vented to atmosphere for removal
of the substrate only after the substrate carrier 64 has
been transported from unload lock 28 to turntable 70
and gate valve 42 has been closed. Thus, the substrate
carriers 64 are not given an opportunity to absorb
atmospheric gases which could later outgas within the
processing chambers.

A schematic, cross-sectional, elevation view of the
buffer chamber 24 and turntable 70 is shown in FIG. 4.
Turntable 70 is mounted within buffer chamber 24 for
rotation about the vertical axis 72. The turntable 70 is
rotated by a turntable motor 142 located externally of
the vacuum envelope of buffer chamber 24 and coupled
to turntable 70 by a rotary vacuum feedthrough 144. A
carrier transport assembly 150 is located in substrate
carrier position 74, and a carrier transport assembly 152
is located in substrate carrier position 76 on turntable
70. Each of the carrier transport assemblies 150 and
152 includes driven rollers 154 and driven guide wheels
156 which support substrate carrier 64 in a vertical ori-
entation and transport the substrate carrier 64 in a
desired direction, as described above in connection with
FIG. 3. A motor 160 located externally of the vacuum
envelope of buffer chamber 24 is coupled through a
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rotary vacuum feedthrough and a right angle drive
assembly 162 to carrier transport assembly 152. A
motor 164 located externally of the vacuum envelope of
buffer chamber 24 is coupled through a rotary vacuum
feedthrough and a right angle drive assembly 166 to
carrier transport assembly 150. The carrier transport
assemblies 150 and 152 rotate with turntable 70 into
alignment with a selected processing chamber, the load
lock or the unload lock as described above.

As shown in FIG. 2, the processing chambers 14,
16, 18 and 20 include sputter sources 14A, 16A, 18A,
and 20A, respectively. In each processing chamber, the
substrate carrier and substrate are held in a stationary
position relative to the respective sputter source, and a
film of the desired composition and thickness is depos-
ited on the substrate.

A cross-sectional view of a sputter source repre-
sentative of each of the sputter sources 14A, 16A, 18A,
and 20A, is shown in FIG. 5A. The sputter source is
designed to deposit a film that has a thickness uniform-
ity of +3% over a rectangular glass panel of 450 mm x
550 mm. The sputter source is also designed to achieve
a high collection efficiency, on the order of about 29%,
which results in a high deposition rate. The source is
designed for deposition of ITO films and metal films, but
is not limited to these films.

The sputter source includes three concentric target
rings, including an inner target ring 200, a middle target
ring 202 and an outer target ring 204. The target rings
200, 202 and 204 are centered on an axis 206. The tar-
get rings are fabricated of a material to be deposited on
a substrate 210 or a material that reacts with a gas in
the sputtering chamber to form the material that is
deposited on the substrate. Thus, for example, when
ITO is being deposited on the substrate, the target rings
200, 202 and 204 comprise indium tin metal or
indium:tin oxide, typically in the ratio of 90% indium and
10% tin. In an example for sputter coating of rectangular
glass panels of 450 mm x 550 mm, inner target ring 200
has a diameter of 195 mm and width of 50 mm, middle
target ring 202 has a diameter of 431 mm and a width of
50 mm, and outer target ring 204 has a diameter of 692
mm and a width of 50 mm.

An electromagnet assembly 220 produces a mag-
netic field adjacent to inner target ring 200. An enlarged
cross-sectional view of the inner target ring 200 and
electromagnet assembly 220 is shown in FIG. 5B. The
electromagnet assembly 220 includes an electromag-
net coil 222 having annular windings, and a pole assem-
bly for concentrating the magnetic field generated by
electromagnet coil 222 in the region of inner target ring
200. The pole assembly includes an annular rear pole
piece 224, generally cylindrical pole pieces 226 and
228, and spaced-apart, annular pole pieces 230 and
232 directly behind target ring 200 for shaping the mag-
netic field in the vicinity of the target ring. The electro-
magnet coil 222 is connected by leads 234 to a power
source (not shown).
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Electromagnet assemblies 236 and 238 generate
magnetic fields adjacent to middle target ring 202 and
outer target ring 204, respectively. The electromagnet
assemblies 236 and 238 are similar to the electromag-
net assembly 220 but have successively larger diame-
ters corresponding to the diameters of the respective
target rings. The electromagnet assemblies produce
magnetic fields of about 300 gauss in the vicinity of the
target rings.

The sputter source further includes anodes 240,
242 and 244 which have a circular configuration and are
spaced from target rings 200, 202 and 204. A plasma
power source (not shown) is connected between each
of the target rings and the respective anodes. The
anodes are typically grounded, and the target rings are
typically operated at about 500 volts.

Each of the target rings 200, 202 and 204 is water
cooled. Referring to FIG. 5B, the pole pieces 226 and
228 define enclosed passages 250 and 251 between
electromagnet coil 222 and target ring 200. The pas-
sages 250 and 251 are separated by an annular water
channel ring 252. Cooling water is introduced into pas-
sage 250 through an inlet 254. A small gap exists
between water channel ring 252 and target ring 200.
The cooling water flows from passage 250 in a radial
direction through the gap to passage 251, thus remov-
ing heat from the target ring 200. The water is
exhausted from passage 251 through an outlet 256.

The sputter source also includes reactive gas dif-
fusers for introducing a reactive gas between the target
rings and the substrate 210. A reactive gas diffuser 260
is located at the center of the sputter source, and an
annular reactive gas diffuser 262 is located between the
middle target ring 202 and outer target ring 204. The
reactive gas diffuser 260 includes a cavity 263 for intro-
duction of the reactive gas. The cavity 263 is covered by
a plate having multiple holes 264 for diffusion of the gas
from the cavity into the region between the sputter
source and the substrate. The reactive gas diffuser 262
has a similar construction. As an example, oxygen is
introduced into the region of the substrate during depo-
sition of ITO.

A substrate shield 266, positioned between the tar-
get rings 200, 202 and 204 and the substrate 210, limits
deposition on the substrate carrier. For a rectangular
substrate, the substrate shield 266 has a rectangular
opening that corresponds in size to the substrate.

The sputter deposition chamber is operated with
argon at a pressure in the range of 0.133 t0 2.67 Pa (1-
20 millitorr). The crossed electric and magnetic fields at
the surface of each of the target rings 200, 202 and 204
cause ionization of argon atoms. The argon ions bom-
bard the target rings and erode atoms of the target
material from each of the target rings. The sputtered tar-
get material is deposited as a film on the substrate sur-
face. In the case of reactive sputtering, the sputtered
target atoms react with a gas either at the target surface
or on the substrate to form the desired molecule. In the
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sputtering source of FIGS. 5A and 5B, the electric and
magnetic fields at each of the target rings 200, 202 and
204 are independently controllable. The rate of sputter-
ing from each of the target rings can be adjusted by
adjusting the sputtering power to the specific target ring
to produce a uniform film thickness over the substrate
area.

The sputter source configuration shown in Figs. 5A
and 5B and described above permits deposition of a film
having a uniformity of about +3% over the surface of a
rectangular substrate having dimensions of 450 mm x
550 mm. The substrate 210 is spaced from the target
rings by about 100 mm in order to obtain a collection
efficiency on the order of 29%. To achieve this uniform-
ity and collection efficiency, the outside diameter of
outer target ring 204 is preferably about equal to the
diagonal dimension of the rectangular substrate. With
this configuration, an ITO film having a thickness of
2,500 angstroms can be deposited in approximately 46
seconds using an indium:tin oxide target set at 12 kilo-
watts total power.

A second embodiment of the sputter source (not
shown) utilizes a rotating magnetron field behind a sput-
tering target. The magnetron field is roughly cardioid
shaped, with geometry and magnetic fields selected to
achieve uniform erosion of the sputtering target. A pre-
ferred target is 6.3 mm. (0.25 inch) thick by 0.83 m
(32.50 inches) in diameter. Sputter sources of this gen-
eral type are disclosed in U.S. Patent Nos. 4,995,958,
issued February 26, 1991 to Anderson et al, and
5,252,194, issued October 12, 1993 to Demaray et al.

A simplified cross-sectional view of a heating cham-
ber corresponding to processing chambers 10 and 12
(FIG. 2) is shown in FIG. 6. Substrate carrier 64 holding
substrate 66 is located in processing chamber 10. The
heater comprises an array of tubular lamps 300, which
may be quariz lamps. The lamps 300 are mounted par-
allel to each other in the array. The lamp array is suffi-
ciently large to uniformly heat substrate 66. In the
heating chambers 10 and 12, the lamps 300 irradiate
the substrate 66 directly. Typically, a heater is also used
in each sputter deposition chamber to sustain the tem-
perature of the substrate during sputter deposition. In
the sputtering chambers, the heater is mounted on the
opposite side of the substrate from the sputter source
and heats the back side of the substrate. In the sputiter-
ing chamber, a molybdenum (Mo) shield is used
between the lamps 300 and the substrate to shield the
lamps from sputter deposition. The molybdenum shield
is heated by the lamps, and the shield heats the back
side of the substrate 66. The shield may also be made
of copper or graphite to improve temperature uniformity.
The glass substrate is typically heated to a temperature
between 250°C and 450°C, depending on prior deposi-
tion of temperature sensitive materials.

Another option that can be employed in the dis-
closed system is so-called RF etch or RF bias. RF etch
involves the application of an RF field to the substrate in
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a separate RF etch chamber. An RF voltage is applied
to a conductive plate that is approximately the same
size as the substrate and is closely spaced to the sub-
strate. The RF field causes ionization of argon atoms
within the chamber and bombardment of the substrate
surface. In the case of RF bias, a conductive plate is
closely spaced to the back side of the substrate in a
sputter deposition chamber. An RF voltage applied to
the conductive plate induces a DC bias on the sub-
strate. The DC bias causes acceleration of ions being
deposited on the substrate.

The operation of the load lock 26 and the unload
lock 28 is illustrated with reference to FIGS. 7-9. Initially,
substrate 66 is placed on load lock door 80 and is sup-
ported by holders 82, as shown in FIG. 9. In a preferred
embodiment, holders 82 comprise wheels having V-
shaped grooves for receiving the edge of substrate 66.
Referring now to FIG. 7, the transfer of the substrate 66
to the substrate carrier 64 is illustrated. The holders 82
are extended outwardly away from the door (perpendic-
ular to the plane of FIG. 7) until the substrate 66 is
directly above substrate carrier 64. Next, substrate car-
rier 64 is raised vertically so as to lift substrate 66 from
holders 82. Then, holders 82 are retracted to the door,
and substrate carrier 64 is lowered to its original posi-
tion on rollers 116 with substrate 66 supported by edges
102 and 104. Substrate carrier 64 and substrate 66 are
then ready to be transported into the vacuum process-
ing system as described above. A similar mechanism is
used in the unload lock 28 for transferring the substrate
66 from the substrate carrier 64 to holders 88 on door
86.

An example of a door opening mechanism for the
load lock 26 and the unload lock 28 is described with
reference to FIGS. 8 and 9. The purpose of the door
opening mechanism is to move from a closed position,
where the substrate is sealed within one of the locks, to
an open position, where the substrate is presented, for
example, through a clean room wall for transfer to or
from the system. In FIG. 8, unload lock door 86 is shown
in intermediate positions between the closed and open
positions. The door 86 is supported by arms 370 and
372 which connect to the center of the top and the
center of the bottom, respectively, of door 86. The arms
370 pivot about axis 374. As the arms 370 and 372 pivot
about axis 374, the door 86 is rotated about an axis 378
by 90°, thus resulting in the desired movement. It will be
understood that other door opening arrangements may
be used within the scope of the present invention.

A preferred embodiment of the load lock and the
unload lock for the vacuum processing system
described above is shown in FIGS. 10-13. A load lock
400 is connected through gate valve 40 to buffer cham-
ber 24 (FIGS. 1 and 2). An unload lock 402 is connected
through gate valve 42 to buffer chamber 24. In the sys-
tem described above, load lock 400 replaces load lock
26, and unload lock 402 replaces unload lock 28.

Load lock 400 includes a vacuum-tight enclosure
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404, a door assembly 406 and a linear drive mechanism
407. Unload lock 402 includes a vacuum-tight enclosure
408, a door assembly 410 and a linear drive mechanism
411. In general, the unload lock 402 is a mirror image of
the load lock 400. Thus, only unload lock 402 will be
described in detail.

The door assembly 410 of unload lock 402 includes
a door 416 for sealing an opening 418 in enclosure 408.
The door assembly 410 further includes a substrate
support arm 420 and a transfer mechanism 422 for con-
trolling the substrate support arm 420. The door assem-
bly 410 is movable between an open position shown in
solid lines in FIG. 11 and a closed position shown in
phantom in FIG. 11. Referring to FIG. 10, the door
assembly 406 is shown in the closed position, and the
door assembly 410 is shown in the open position. The
door assembly 410 is moved between the open and
closed positions by the linear drive mechanism 411.
The door assembly 410 and the linear drive mechanism
411 are supported by a structural member 430 attached
to enclosure 408. The linear drive mechanism 411
includes a linear drive motor 432, a linear drive belt 434
and an idle roller 436. A carriage 438 is attached to the
door assembly 410 and to the drive belt 434, so that the
door assembly is movable along guide rods 437 and
439 between the open and closed positions when linear
drive motor 432 is energized.

The substrate support arm 420 includes perpendic-
ular legs 442 and 444 on which are mounted three
wheels 440 having V-shaped grooves for supporting
substrate 66. The wheels 440 are positioned to orient
substrate 66 with its sides at about 45° with respect to
horizontal.

The unload lock 402 is used for removing a sub-
strate from the vacuum processing system. For remov-
ing a substrate from the system, the door assembly 410
is initially in the closed position so that the enclosure
408 of unload lock 402 is sealed vacuum tight. The
unload lock enclosure 408 is evacuated by a vacuum
pumping system, which may include roughing pump 43
and cryopumps 44 and 45 (FIG. 1), with gate valve 40 in
the closed position. After evacuation of the unload lock
enclosure 408, the gate valve 40 is opened, and a sub-
strate carrier 446 is moved from buffer chamber 24 into
the unload lock 402 by a carrier transport assembly 450.
As described previously in connection with FIG. 3, the
carrier transport assembly 450 includes rollers 452 and
guide wheels 454 driven by a motor 456 for moving the
substrate carrier 446 along a horizontal path between
the buffer chamber 24 and the unload lock 402. A simi-
lar carrier transport assembly is located within buffer
chamber 24.

With door assembly 410 in the closed position and
the unload lock enclosure 408 evacuated, the substrate
66 is transferred from the substrate carrier 446 to the
support arm 420 by the transfer mechanism 422, as
described in detail below. The substrate 66 is lifted from
the substrate carrier 446 and is held by the support arm
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420. Then, the substrate carrier 446 is moved along a
horizontal path back to the buffer chamber 24 by the
carrier transport assembly 450, and the gate valve 40 is
closed. The unload lock enclosure 408 is then vented to
atmosphere, and the door assembly 410 is moved to the
open position by energizing linear drive motor 433. The
substrate 66 is moved parallel to its plane by door
assembly 410, thus permitting door 416 and opening
418 to have relatively small dimensions and reducing air
movement. When the door assembly 410 is in the open
position, the substrate 66 is removed from support arm
420 by a robot.

In a preferred embodiment, the substrate carrier
446 comprises a metal plate in which three support V-
wheels 451 and three constraint V-wheels 453 are
mounted. Each of the V-wheels 451, 453 is mounted in
the metal plate of substrate carrier 446 for rotation
about an axis perpendicular to the plane of the metal
plate and has a V-groove in its outer periphery for
receiving the substrate. The three support V-wheels 451
support the substrate 66 in a vertical orientation with its
sides at about 45° with respect to horizontal. The con-
straint V-wheels 453 are spaced from the substrate 66
in its nominal position by a small distance, such as 0.12
mm (0.005 inch), and act as a constraint if the substrate
warps by this amount. The configuration of the V-wheels
451 and 453 reduces the high friction that occurs at
support points when the substrate expands during heat-
ing. The substrate carrier 446 further includes openings
455 that receive wheels 440 on substrate support arm
420 during transfer of a substrate.

The substrate 66 is transferred from the substrate
carrier 446 to the support arm 420 by the transfer mech-
anism 422. In the load lock 400, the substrate 66 is
transferred from the support arm to the substrate carrier
in a similar, but reversed, operation. As best shown in
FIGS. 11 and 13, the transfer mechanism 422 includes
a cam action motor 460 mechanically coupled to a mov-
able carriage 462. The substrate support arm 420 is rig-
idly attached to the carriage 462. The carriage 462
includes linear bearings 464 that are movable along
parallel, vertical shafts 466 and 467. The upper and
lower ends of shafts 466 and 467 are mounted in con-
necting blocks 470, which include linear bearings that
are movable along parallel, horizontal shafts 472 and
473. The shafts 472 and 473 are mounted to stationary
brackets 474 and 475, respectively. Thus, carriage 462
is movable, both vertically and horizontally, under con-
trol of motor 460.

A crank arm 480 is attached to a shaft 482 of motor
460 and to a cam follower 484 that is movable in a hori-
zontal slot 486 in carriage 462. A stationary cam fol-
lower 490 extends through a guide slot 492 in carriage
462. The guide slot 492 establishes a path of movement
of the carriage 462 and the substrate support arm 420
when motor 460 rotates crank arm 480. Preferably, the
guide slot 492 includes three segments: a vertical
center segment, an upper segment that extends away
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from the center segment at about 45° and a lower seg-
ment that extends away from the center segment at
about 45°. The guide slot 492 defines the movement of
the substrate support arm 420 in removing a substrate
from the substrate carrier 446 in unload lock 402 (and in
transferring a substrate to carrier 446 in load lock 400).
When the motor 460 is energized, the crank arm 480 is
rotated through 180° and the carriage 462 is lifted from
the position shown in solid lines in FIG. 13 to the posi-
tion shown in phantom. The stationary cam follower 490
and the guide slot 492 cause the carriage 462 to follow
a path 494 between the lower and upper positions. As
shown in FIG. 12, support arm 420 moves along the
lower segment of path 494, causing wheels 440 to move
toward substrate carrier 446 and under substrate 66.
Then, support arm 420 moves along the vertical seg-
ment of path 494, causing the substrate 66 to be lifted
from substrate carrier 446. Finally, support arm 420
moves along the upper segment of path 494, causing
the substrate 66 to be moved away from the substrate
carrier 446. It will be understood that the movement of
the support arm 420 is not limited to the path 494 shown
in FIGS. 12 and 13.

When the substrate 66 is transferred to substrate
carrier 446 in the load lock 400, the support arm 420 fol-
lows path 494, but in the opposite direction. That is, the
substrate 66 is moved over carrier 446 and then is low-
ered, so that the substrate 66 rests in the V-wheels 451
in carrier 446. Then, the support arm 420 is moved
away from the substrate carrier 446.

As noted above, the load lock 400 and the unload
lock 402 are mirror images and operate in the same
manner. The embodiment of the load and unload locks
shown in FIGS. 10-13 and described above has the
advantages of a relatively small door, thus reducing the
risk of particulate contamination. In addition, a relatively
small mass is moved during handling of substrates, and
the associated air movement is relatively small. The
system can be installed such that the load and unload
locks are located within a clean room and the door
assemblies 406 and 410 extend through clean room
wall 90 for loading and unloading of substrates by a
robot system.

The vacuum processing system of the invention
has been described as having six processing chambers
and six substrate carriers. It will be understood that dif-
ferent numbers of processing chambers can be
included in the system, depending on the requirements
of a particular application. The processing chambers
can be configured to perform processes other than
those described. Any required mix of different process-
ing chambers can be utilized. Furthermore, different
numbers of substrate carriers can be included in the
system, depending on the throughput requirements and
the number of processing chambers. In addition, any
suitable mechanism can be utilized for transporting sub-
strates through the system in a vertical orientation.
Finally, any suitable techniques can be utilized for load-
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ing substrates into the system and for unloading sub-
strates from the system.

A suitable vacuum gate valve for use in the above
apparatus is shown in Figs 14-16. An opening through
the gate valve is dimensioned to permit passage of a
desired object. In the vacuum processing system
described above, the gate valves must pass the sub-
strate carrier when it is carrying a substrate. The sub-
strate carrier 64 and the substrate have a long, narrow
profile when they are transported in a direction parallel
to the plane of the substrate carrier. The gate valves
should operate rapidly, preferably in about 0.5 to 0.7
seconds, in order for the system to achieve a high
throughput rate. In addition, the gate valves should have
high reliability, since failure of a gate valve is likely to
result in system downtime. The gate valves should also
be simple in construction and low in cost.

Referring now to FIGS. 14-16, the vacuum gate
valve include a valve body 500. An opening 502 extends
through the valve body 500. In the present example, the
opening 502 is an elongated, narrow slit. In one exam-
ple of the vacuum gate valve, the opening 502 has a
length of about 90cm and a width of about 1.3 cm. The
gate valve construction shown and described herein is
most practical when the opening 502 is an elongated slit
having a length to width ratio of 10 or greater. The valve
body 500 is fabricated of a metal, such as an aluminum
alloy, and includes grooves 504 and 506 for elastomer
sealing rings, which permit the gate valve to be installed
in a vacuum-tight manner. The valve body 500 is
installed with a low pressure, or vacuum, side 510 fac-
ing the vacuum chamber and a high pressure, or atmos-
pheric, side 512 facing a higher pressure chamber or
atmospheric pressure.

A valve seat 520 is affixed to the valve body 500.
The valve seat 520 is located in an elongated channel
522 in valve body 500. An opening 524 through valve
seat 520 is aligned with opening 502 through valve body
500. The valve seat 520 includes a ridge 526 that com-
pletely surrounds the opening 524. As described below,
a seal gasket bears against the ridge 526 and forms a
seal when the gate valve is closed. In the embodiment
of FIG. 16, the valve seat 520 is removably mounted to
valve body 500. This permits the valve seat to be
replaced, without removing the gate valve from the sys-
tem. Alternatively the valve seat 520 can be fabricated
as an integral part of the valve body 500.

The gate valve further includes a swing gate
assembly 530 that is movable between a closed posi-
tion shown in solid lines in FIG. 5, and an open position
shown in phantom in FIG. 5. The swing gate assembly
530 is mounted in an elongated channel 538 in valve
body 500. The swing gate assembly 530 includes a
swing gate body 532 that is rotatably attached to valve
body 500 at its upper and lower ends by pivot pins 534
and 536, respectively. The swing gate assembly 530 is
rotatable about a pivot axis 540 between the open and
closed positions. The pivot pin 534 is connected
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through a rotary vacuum feedthrough 542 to an actuator
544. The actuator 544 is required to rotate the swing
gate assembly 530 through about 90 degrees between
the open and closed positions. As described below, an
actuator, with relatively low force can be utilized. In a
preferred embodiment, the actuator 544 comprises a
rotary action type R11A manufactured by PHD Inc.
However, any actuator having the required force and
speed can be utilized. The actuator 544 opens and
closes the gate valve in response to a control signal
from the controller 92. The swing gate assembly 530
further includes a seal gasket 550 in the form of a resil-
ient sheet that bears against ridge 526 of valve seat 520
and forms a seal when the gate valve is closed. A
spreader 552 applies tension to the seal gasket 550 and
flattens it, at least in the region where the seal gasket
550 contacts the ridge 526 of valve seat 520. Preferably,
the spreader 552 can be adjusted to vary the tension
that is applied to the seal gasket 550.

In a preferred embodiment illustrated in Fig 16, the
seal gasket 550 is in the form of an elongated tube and
the spreader 552 is positioned within the tubular seal
gasket 550. Both the tubular seal gasket 550 and the
spreader 552 extend the entire length of opening 502
The tubular seal gasket configuration avoids any difficul-
ties in securing the seal gasket to the sides of the
spreader. The spreader 552 is preferably a channel hav-
ing an approximately U-shaped or V-shaped cross sec-
tion. The channel has outwardly-flared, opposed sides
554 and 556. The channel is preferably fabricated of
sheet metal to provide rigidity and yet be deformable
upon application of sufficient force. The spreader 552
and the tubular seal gasket 550 are located in an elon-
gated channel 560 in swing gate body 532 and are
retained in channel 560 by inwardly extending lips 562
and 564 at the open side of channel 560.

Preferably, the tension applied to seal gasket 550 is
adjustable. In the embodiment of FIG. 16, the tension is
adjusted by deforming the spreader 552 The spreader
552 is deformed by adjustment screws 570. Adjustment
screws 570 are threaded through the swing gate body
532 and contact the back of spreader 552. By advanc-
ing the adjustment screws 570 toward the valve seat
520, the sides 554 and 556 of the spreader 552 are
flared outwardly to a greater degree, thereby increasing
the tension applied to the seal gasket 550. Conversely,
the applied tension is decreased by retracting the
adjustment screws 570 in a direction away from valve
seat 520. The seal gasket 550 must be tensioned suffi-
ciently to ensure that it is flat and is securely in contact
with the ridge 526 of valve seat 520 around the entire
periphery of opening 502 when the gate valve is closed.
Preferably, several adjustment screws 570 are spaced
along the length of the spreader 552 to ensure that an
approximately uniform tension is applied to the seal
gasket 550 over its area.

It will be understood that the spreader can have a
variety of configurations or that the spreader may be
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omitted from the gate valve, provided that the seal gas-
ket 550 is mounted to the swing gate body 532 so as to
securely contact the valve seat 520 around the periph-
ery of opening 502 when the gate valve is in the closed
position. For example, the spreader may be in the form
of a channel having a continuously curved cross sec-
tion. Furthermore, the spreader 552 may be adjusted by
any suitable adjustment mechanism. The material of the
seal gasket 550 must have a good quality surface finish,
have elasticity and be free of pinholes. in addition, the
material should be of relatively low durometer, prefera-
bly 75 or lower. In a preferred embodiment, the seal
gasket 550 is fabricated of Viton (Registered Trade
Mark), a fluoroelastomer based on the copolymer of
vinylidenefluoride and hexafluoropropylene. A preferred
thickness is in a range of 0.050 cm to 0.180 cm.

The upper edge of ridge 526 that contacts the seal
gasket 550 should be sharp to obtain sufficient seal
force, but not so sharp as to cut the seal gasket Prefer-
ably the upper edge of ridge 526 is fabricated with a
radius of about 0.12 to 0.25 mm. It will be understood
that the valve seat 520 can have any configuration
which provides a reliable, vacuum-tight seal to seal gas-
ket 550.

As noted above, the gate valve is mounted with the
vacuum side 510 facing the low pressure vacuum
chamber. For example, with reference to Fig. 2, the gate
valve 40 is mounted with vacuum side 510 facing buffer
chamber 24. When the load lock 26 is opened to atmos-
phere, atmospheric pressure forces seal gasket 550
into a higher pressure contact with ridge 526 of valve
seat 520, thus producing a secure vacuum seal. Since
atmospheric pressure (or other pressure that is high rel-
ative to the vacuum side of the gate valve) assists in
maintaining the vacuum seal, a low mechanical force is
required for operation of the gate valve and for maintain-
ing the seal in the closed position. This is particularly
true where the actuator 544 for the gate valve is located
at one end of a long slit. In valves wherein the seal force
is not increased by atmospheric pressure, it is difficult to
ensure a uniform sealing force along the length of the
gate valve, except by using a bulky valve structure and
a larger and more expensive actuator. However, in the
present gate valve, a differential pressure between high
pressure side 512 and vacuum side 510 of valve body
500 increases the seal pressure and assists in main-
taining the vacuum seal. In a situation where the gate
valve Is used to isolate two vacuum chambers, both
having relatively low pressures, such as to isolate the
buffer chamber 24 and one of the processing chambers,
atmospheric pressure does not assist in maintaining the
vacuum seal. However, in this situation, any leak is rela-
tively insignificant unless it has a large area.

The vacuum gate valve shown in FIGS 14-16 and
described above has an actuation time of about 0.5-0.7
seconds. The gate valve seals reliably, with a relatively
low mechanical force, and has a long operating life.



21 EP 0 665 193 B1 22

Claims

1.

A vacuum processing system comprising:

a load lock (26) for loading substrates into the
system;

a plurality of processing chambers (10,20) for
processing said substrates;

an unload lock (28) for unloading said sub-
strates from the system;

a central buffer chamber (24) coupled to said
load lock, to each of said processing chambers
and to said unload lock through gate valves,
said buffer chamber containing a turntable (70)
that is rotatable about a vertical axis;

means (43-49) for vacuum pumping said load
lock, said processing chambers, said unload
lock and said central buffer chamber;

rotation means for rotating said turntable about
said vertical axis;

two or more substrate carriers (64), each of
which supports a substrate in a vertical orienta-
tion as it is transported within the system and
each of which supports the substrate in a verti-
cal orientation within a selected one of said
processing chambers independently of said
turntable and said buffer chamber as the sub-
strate is processed;

transport means (110,112) for transporting
said substrate carriers horizontally to and
between said load lock and said turntable, to
and between said turntable and said selected
one of said processing chambers, and to and
between said turntable and said unload lock;
and

control means (92) for controlling said rotation
means and said transport means such that
each of said substrate carriers follows a
selected path through said system, whereby
two or more substrates can be transported
through the system and processed concur-
rently and independently.

A vacuum processing system as defined in claim 1
wherein said turntable includes first and second
substrate carrier positions (74,76), each spaced
from the vertical axis of said turntable by a distance
D and wherein said transport means includes
means for moving said substrate carriers between
said load lock and said substrate carrier positions
on said turntable.

A vacuum processing system as defined in claim 2
wherein said transport means further includes
means for moving said substrate carriers between
said first and second substrate carrier positions on
said turntable, and said processing chambers.
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4.

10.

11.

A vacuum processing system as defined in claim 3
wherein said transport means further includes
means for moving said substrate carriers between
said first and second substrate carrier positions on
said turntable, and said unload lock.

A vacuum processing system as defined in claim 4
wherein said processing chambers are grouped in
pairs around said buffer chamber and wherein each
of said processing chambers has a substrate
processing position that falls on a straight line
spaced from the vertical axis of rotation of said turn-
table by said distance D.

A vacuum processing system as defined in claim 1
wherein said load lock includes a door (80) having
a substrate holder (82) and wherein said load lock
further includes means for transferring said sub-
strate from said substrate holder to one of said sub-
strate carriers after said door has been closed and
said load lock has been evacuated, such that said
substrate carriers remain at high vacuum at all
times during operation of the system.

A vacuum processing system as defined in claim 6
wherein said control means includes means for
enabling said transport means to transport said one
of said substrate carriers into said load lock for
receiving said substrate only when said load lock is
evacuated.

A vacuum processing system as defined in claim 1
wherein said unload lock (28) includes a door (86)
having a substrate holder and wherein said unload
lock further includes means for transferring said
substrate from one of said substrate carriers to said
substrate holder before said unload lock is vented,
such that said substrate carriers remain at high vac-
uum at all times during operation of the system.

A vacuum processing system as defined in claim 8
wherein said control means includes means for
enabling said transport means to transport said one
of said substrate carriers from said unload lock to
said buffer chamber before said unload lock is
vented for removal of said substrate.

A vacuum processing system as defined in claim 1
wherein each of said substrate carriers includes
means (102,104) for holding a rectangular glass
substrate in a vertical orientation with its edges at
about 45° with respect to horizontal.

A vacuum processing system as defined in claim 1
wherein six of said processing chambers are dis-
posed around said buffer chamber and wherein six
of said substrate carriers are used for transporting
substrates within said system.
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13.

14.

15.

16.

17.

18.

19.

20.

23

A vacuum processing system as defined in claim 11
wherein said processing chambers include one or
more sputtering chambers and one or more pre-
heating chambers.

A vacuum processing system as defined in claim 1
wherein said transport means (110,112) includes a
plurality of rollers (116) and means (120,122) for
rotating said rollers.

A vacuum processing system as defined in claim 13
wherein said rollers are located below said sub-
strate to inhibit particulate contamination of said
substrate.

A vacuum processing system as defined in claim 1
wherein said turntable includes first and second
substrate carrier positions equally spaced from the
vertical axis of rotation of said turntable by a dis-
tance D.

A vacuum processing system as defined in claim 15
wherein each of said processing chambers has a
substrate processing position located along a
straight line spaced from the vertical axis of rotation
of said turntable by said distance D, such that said
substrate carriers can be moved along said straight
line between the first and second substrate carrier
positions on said turntable and said substrate
processing position.

A vacuum processing system as defined in claim 1
wherein each of said substrate carriers comprises a
plate having first and second upper edges which
intersect at a right angle, said first and second
upper edges each having a groove for receiving
said substrate.

A vacuum processing system as defined in claim 17
wherein said transport means comprises a plurality
of rollers on which said plate rests and means for
rotating said rollers to transport said plate.

A vacuum processing system as defined in claim 18
wherein said transport means further includes
guide wheels that abut against sides of said plate
and maintain said plate in a vertical orientation as it
is transported through said system.

A vacuum processing system as defined in claim 1
wherein said load lock and said unload lock each
comprise:

an enclosure defining a lock chamber;

a carrier transport assembly for transporting a
substrate carrier (64) to and between said lock
chamber and said central buffer chamber;

a door assembly (406) including a door (416), a
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substrate support arm (420) and a transfer
mechanism for transferring a substrate to and
between said support arm and said substrate
carrier; and

a linear drive mechanism (407) for linearly
moving said door assembly between an open
position for transfer of a substrate to or from
said support arm and a closed position for
transfer of said substrate to and between said
support arm and said substrate carrier.

A vacuum processing system as defined in claim 20
wherein said transfer mechanism comprises a mov-
able carriage (462) having said substrate support
arm rigidly attached thereto, a drive motor (460)
and a cam linkage coupled between said drive
motor and said movable carriage for moving said
carriage and said substrate support arm along a
prescribed path.

A vacuum processing system as defined in claim 21
wherein said prescribed path includes a first seg-
ment wherein said support arm moves toward said
substrate carrier, a second segment wherein said
support arm moves vertically for raising or lowering
said substrate and a third segment for moving said
support arm away from said substrate carrier.

A method for handling substrates in a vacuum
processing system comprising:

a) providing a vacuum processing system
including a central buffer chamber, a load lock,
an unload lock, two or more processing cham-
bers disposed around said buffer chamber and
coupled to said buffer chamber, and two or
more substrate carriers for transporting sub-
strates within said system, each of said sub-
strate carriers supporting a substrate in a
vertical orientation as it is transported within
the system;

b) loading a substrate into the load lock and
evacuating the load lock;

¢) transferring the substrate to one of said sub-
strate carriers;

d) transporting the substrate and the substrate
carrier from the load lock onto a turntable in the
buffer chamber;

e) rotating the turntable about a vertical axis of
rotation into alignment with a selected process-
ing chamber of said processing chambers;

f) transporting the substrate and the substrate
carrier horizontally from the turntable into said
selected processing chamber;

g) processing the substrate in said selected
processing chamber with the substrate carrier
supporting the substrate in a vertical orienta-
tion within the processing chamber independ-
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ently of the turntable and the buffer chamber;

h) transporting the substrate and the substrate
carrier horizontally from said selected process-
ing chamber onto the turntable;

i) rotating the turntable into alignment with the
unload lock;

j) transporting the substrate and the substrate
carrier from the turntable into the unload lock;
k) transferring the substrate from the substrate
carrier to the unload lock;

l) transporting the substrate carrier from the
unload lock onto the turntable in the central
buffer chamber;

m) venting the unload lock and removing the
substrate from the unload lock; and

n) repeating steps b) through m) for two or
more substrates in a time-multiplexed manner
such that the two more substrates are proc-
essed concurrently by said system.

A method for handling substrates as defined in
claim 23 further including repeating steps e)
through h) for two or more processing chambers.

A method for handling substrates as defined in
claim 24 further including the step of providing first
and second substrate carrier positions on said turn-
table, said first and second substrate carrier posi-
tions being equally spaced from the vertical axis of
rotation of said turntable by a distance D.

Patentanspriiche

1.

Vakuum-Bearbeitungssystem mit den folgenden
Merkmalen:

eine Beladeschleuse (26) zum Einladen von
Substraten in das System;

eine Mehrzahl von Bearbeitungskammern (10,
20) zum Verarbeiten der Substrate;

eine Entladeschleuse (28) zum Entladen der
Substrate aus dem System;

eine zentrale Pufferkammer (24), die mit der
Beladeschleuse, jeder der Bearbeitungskam-
mern und die Entladeschleuse durch Ventilt(-
ren gekoppelt ist, wobei die Pufferkammer
einen Drehtisch (70) enthalt, der um eine verti-
kale Achse drehbar ist;

Mittel (43-49), um die Beladeschleuse, die
Bearbeitungskammern, die Entladeschleuse
und die zentrale Pufferkammer auf ein Vakuum
abzupumpen;

Drehmittel zum Drehen des Drehtisches um
die vertikale Achse;

zwei oder mehr Substrattrager (64), von denen
jeder ein Substrat in vertikaler Ausrichtung
tragt, wahrend es innerhalb des Systems
gefordert wird, und von denen jeder das Sub-
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strat in vertikaler Ausrichtung in einer ausge-
wahlten der Bearbeitungskammern
unabhéngig vom Drehtisch und von der Puffer-
kammer tragt, wenn das Substrat bearbeitet
wird;

Fordermittel (110, 112) zum Férdern der Sub-
strattrager in horizontal er Richtung zu der
Beladeschleuse und zum Drehtisch sowie zwi-
schen diesen, zum Drehtisch und zur ausge-
waéhlten Bearbeitungskammer sowie zwischen
diesen, sowie zum Drehtisch und zur Entlade-
schleuse sowie zwischen diesen; und
Steuermittel (92) zum Steuern der Drehmittel
und der Fordermittel so, daB jeder der Sub-
stratirdger einem ausgewahlten Weg durch
das System folgt, wodurch zwei oder mehr
Substrate durch das System geférdert und
gleichzeitig und unabhéngig bearbeitet werden
kénnen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin der Drehtisch erste und zweite
Substrattragerpositionen (74, 76) aufweist, die
jeweils von der vertikalen Achse des Drehtisches
um einen Abstand D beabstandet sind, und worin
die Fordermittel Mittel zum Bewegen der Substrat-
trager zwischen der Beladeschleuse und den Sub-
strattragerpositionen auf dem Drehtisch umfaft.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 2, worin die Férdermittel ferner Mittel
zum Bewegen der Substrattrager zwischen der
ersten und zweiten Substrattragerposition auf dem
Drehtisch und den Bearbeitungskammern umfat.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 3, worin die Férdermittel ferner Mittel
zum Bewegen der Substrattrager zwischen der
ersten und zweiten Substrattragerposition auf dem
Drehtisch und der Entladeschleuse umfassen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 4, worin die Bearbeitungskammern paar-
weise rund um die Pufferkammer gruppiert sind,
und worin jede der Bearbeitungskammern eine
Substrat-Bearbeitungsposition aufweist, die auf
einer geraden Linie liegt, die zur vertikalen Dreh-
achse des Drehtischs um den Abstand D beabstan-
det ist.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin die Beladeschleuse eine Tur
(80) mit einem Substrathalter (82) umfaBt, und
worin die Beladeschleuse ferner Mittel zum Uber-
fuhren des Substrats vom Substrathalter zu einem
der Substrattrager umfaBt, nachdem die Tur
geschlossen wurde und die Beladeschleuse evaku-
iert wurde, so daB die Substratirager wahrend des
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Betriebs des Systems standig bei hohem Vakuum
verbleiben.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 6, worin die Steuermittel Mittel umfassen,
um es den Férdermitteln zu erméglichen, den einen
der Substrattrager in die Beladeschleuse zum
Empfang des Substrates nur dann zu férdern, wenn
die Beladeschleuse evakuiert ist.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin die Entladeschleuse (28) eine
Tur (86) umfaBt, die einen Substrathalter aufweist,
und worin die Entladeschleuse ferner Mittel auf-
weist, um das Substrat von einem der Substrattra-
ger auf den Substrathalter zu Uberfiihren, bevor die
Entladeschleuse beluftet wird, so daB die Substrat-
trager standig wahrend des Betriebs des Systems
bei hohem Vakuum verbleiben.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 8, worin die Steuermittel Mittel umfassen,
um es den Férdermitteln zu erméglichen, den einen
der Substratirager von der Entladeschleuse zur
Pufferkammer zu férdern, bevor die Entlade-
schleuse zum Entfernen des Substrats beltftet
wird.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin jeder der Substratirager Mittel
(102, 104) aufweist, um ein rechteckiges Glassub-
strat in vertikaler Ausrichtung zu halten, wobei
seine Kanten um etwa 45° bezglich der Horizonta-
len verlaufen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin sechs der Bearbeitungskam-
mern rund um die Pufferkammer angeordnet sind
und worin sechs der Substrattrager verwendet sind,
um Substrate innerhalb des Systems zu férdern.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 11, worin die Bearbeitungskammern eine
oder mehr Aufsprihkammern und eine oder mehr
Vorheizkammern umfassen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin die Férdermittel (110, 112) eine
Vielzahl von Rollen (116) sowie Mittel (120, 122)
zum Drehen der Rollen umfassen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 13, worin die Rollen unter dem Substrat
angeordnet sind, um die Kontaminierung des Sub-
strats durch Partikel zu verhindern.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin der Drehtisch eine erste und
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zweite Substrattragerposition umfaBt, die zu verti-
kalen Drehachse des Drehtischs um den Abstand
D gleich beabstandet sind.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 15, worin jede der Bearbeitungskam-
mern eine Substratbearbeitungsposition aufweist,
die langs einer geraden Linie angeordnet ist, die
zur vertikalen Drehachse des Drehtischs um den
Abstand D beabstandet ist, so daB die Substrattra-
ger langs der geraden Linie zwischen der ersten
und zweiten Substrattragerposition auf dem Dreh-
tisch und der Substratbearbeitungsposition bewegt
werden kdnnen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin jeder der Substrattrager eine
Platte mit einer ersten und zweiten Oberkante auf-
weist, die sich rechitwinklig schneiden, wobei die
erste und zweite Oberkante jeweils eine Nut zur
Aufnahme des Substrats aufweisen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 17, worin die Férdermittel eine Vielzahl
von Rollen aufweisen, auf welchen die Platte ruht,
sowie Mittel zum Drehen der Rollen, um die Platte
zu férdern.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 18, worin die Férdermittel ferner Fuh-
rungsrader aufweisen, die gegen Seiten der Platte
anschlagen und die Platte in vertikaler Ausrichtung
halten, wenn sie durch das System geférdert wird.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 1, worin die Beladeschleuse und die Ent-
ladeschleuse jeweils die folgenden Merkmale auf-
weisen:

ein Gehause, das eine Schleusenkammer fest-
legt;

eine Trager-Férderanordnung zum Férdern
eines Substrattragers (64) zur Schleusenkam-
mer und zur zentralen Pufferkammer sowie
zwischen diesen;

eine Turanordnung (406) mit einer Tur (416),
einen Substrattragearm (420) und einen Uber-
fuhrungsmechanismus zum Uberfihren eines
Substrats auf den Tragearm und den Substrat-
trager sowie zwischen diesen; und

einen Linearantriebsmechanismus (407) zum
linearen Bewegen der Tiranordnung zwischen
einer offenen Lage zum Uberfiihren eines Sub-
strats auf den Tragarm oder von diesem und
einer geschlossenen Lage zum Uberfithren
des Substrats auf den Tragearm und den Sub-
stratirager sowie zwischen diesen.
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Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 20, worin der Uberfiihrungsmechanis-
mus einen beweglichen Schlitten (462) aufweist, an
dem der Substrattragearm starr angebracht ist,
einen Antriebsmotor (460) und eine Nockenkoppe-
lung, die zwischen dem Antriebsmotor und dem
beweglichen Schlitten angekoppelt ist, um den
Schlitten und den Substrattragearm langs eines
vorgeschriebenen Weges zu bewegen.

Vakuum-Bearbeitungssystem, wie umrissen in
Anspruch 21, worin der vorgeschricbene Weg ein
erstes Segment umfaBt, in dem sich der Tragearm
zum Substrattrager bewegt, ein zweites Segment,
worin sich der Tragearm vertikal bewegt, um das
Substrat anzuheben oder abzusenken, und ein drit-
tes Segment, um den Tragearm vom Substrattrager
wegzubewegen.

Verfahren zum Handhaben von Substraten in
einem Vakuum-Bearbeitungssystem, mit den fol-
genden Schritten:

a) Bereitstellen eines Vakuum-Bearbeitungssy-
stems, das eine zentrale Pufferkammer, eine
Beladeschleuse, eine Entladeschleuse, zwei
oder mehr Bearbeitungskammern, die rund um
die Pufferkammer angeordnet und mit der Puf-
ferkammer gekoppelt sind, und zwei oder mehr
Substrattrager umfaBt, um die Substrate inner-
halb des Systems zu férdern, wobei jeder der
Substrattrager ein Substrat in vertikaler Aus-
richtung tragt, wenn er innerhalb des Systems
gefbrdert wird;

b) Einladen des Substrats in die Belade-
schleuse und evakuieren der Beladeschleuse;
¢) Uberfilhren des Substrats auf einen der Sub-
strattrager;

d) Fordern des Substrats und des Substrattra-
gers von der Beladeschleuse auf einen Dreh-
tisch in der Pufferkammer;

e) Drehen des Drehtischs um eine vertikale
Drehachse bis in Ausrichtung auf eine ausge-
wéhlte Bearbeitungskammer der Bearbei-
tungskammern;

f) Férdern des Substrats und des Substrattra-
gers in horizontal er Richtung vom Drehtisch in
die ausgewahlte Bearbeitungskammer;

g) Bearbeiten des Substrats in der ausgewahl-
ten Bearbeitungskammer, wobei der Substrat-
trager das Substrat in vertikaler Ausrichtung
innerhalb der Bearbeitungskammer unabhén-
gig vom Drehtisch und von der Pufferkammer
tragt;

h) Férdern des Substrats und des Substrattra-
gers in horizontal er Richtung aus der ausge-
wahlten  Bearbeitungskammer auf den
Drehtisch;
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i) Drehen des Drehtischs bis in Ausrichtung auf
die Entladeschleuse;

j) Fordern des Substrats und des Substrattra-
gers vom Drehtisch auf die Entladeschleuse;
k) Uberfiihren des Substrats vom Substrattra-
ger zur Entladeschleuse;

I) Férdern des Substratiragers aus der Entla-
deschleuse auf den Drehtisch in der zentralen
Pufferkammer;

m) Bellften der Entladeschleuse und Entfer-
nen des Substrats aus der Entladeschleuse;
und

n) Wiederholen der Schritte b) bis m) fur zwei
oder mehr Substrate in mehrfach genutzter
Zeit, so daB die zwei oder mehr Substrate
gleichzeitig vom System bearbeitet werden.

Verfahren zum Handhaben von Substraten, wie
umrissen in Anspruch 23, ferner mit der Wiederho-
lung der Schritte e) bis h) fiir zwei oder mehr Bear-
beitungskammern.

Verfahren zum Handhaben von Substraten, wie
umrissen in Anspruch 24, ferner mit dem Schritt,
eine erste und zweite Substrattragerposition auf
dem Drehtisch vorzusehen, wobei die erste und
zweite Tragerposition zur vertikalen Drehachse des
Drehtischs um den Abstand D gleich beabstandet
sind.

Revendications

1.

Systéme de traitement sous vide comprenant:

un systéme de chargement fermé (26) pour
charger des substrats dans le systéme;
plusieurs chambres de traitement (10, 20) pour
traiter lesdits substrats;

un systéme de déchargement fermé (28) pour
décharger lesdits substrats du systéme;

une chambre tampon centrale (24) reliée audit
systéme de chargement fermé, a chacune des-
dites chambres de traitement et audit systéme
de déchargement fermé par des vannes a
obturateur, ladite chambre tampon contenant
un support rotatif (70) pouvant tourner autour
d'un axe vertical;

un moyen (43-49) pour faire le vide dans ledit
systéme de chargement fermé, lesdites cham-
bres de traitement, ledit systeme de décharge-
ment fermé et ladite chambre tampon centrale;
un moyen de rotation pour faire tourner ledit
support rotatif autour dudit axe vertical;

deux supports de substrat (64), ou plus, dont
chacun supporte un substrat suivant une orien-
tation verticale au cours de son transport a
l'intérieur du systeme et dont chacun supporte
le substrat suivant une orientation verticale a
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lintérieur d'une chambre sélectionnée parmi
lesdites chambres de traitement, indépendam-
ment dudit support rotatif et de ladite chambre
tampon lorsque le substrat est en cours de trai-
tement;

un moyen de transport (110, 112) pour trans-
porter lesdits supports de substrat horizontale-
ment vers ledit systéeme de chargement fermé
et vers ledit support rotatif, et entre les deux,
vers ledit support rotatif et vers ladite chambre
sélectionnée parmi les chambres de traite-
ment, et entre les deux, et vers ledit support
rotatif et vers ledit systéme de déchargement
fermé, et entre les deux; et

un moyen de commande (92) pour commander
ledit moyen de rotation et ledit moyen de trans-
port de maniére a ce que chacun desdits sup-
ports de substrat suive un trajet sélectionné a
travers ledit systéme, deux substrats, ou plus,
pouvant étre transportés a travers le systéme
et traités de maniére simultanée et indépen-
dante.

Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel ledit support rotatif
inclut des premiére et seconde positions de support
de substrat (74, 76) dont chacune est située a une
distance D par rapport a I'axe vertical dudit support
rotatif, et dans lequel ledit moyen de transport inclut
un moyen pour déplacer lesdits supports de subs-
trat entre ledit systéme de chargement fermé et les-
dites positions de support de substrat sur ledit
support rotatif.

Systéme de traitement sous vide, défini dans la
revendication 2, dans lequel ledit moyen de trans-
port inclut, en outre, un moyen pour déplacer les-
dits supports de substrat entre lesdites premiére et
seconde positions de support de substrat sur ledit
support rotatif, et lesdites chambres de traitement.

Systéme de traitement sous vide, défini dans la
revendication 3, dans lequel ledit moyen de trans-
port inclut, en outre, un moyen pour déplacer les-
dits supports de substrat entre lesdites premiére et
seconde positions de support de substrat sur ledit
support rotatif, et ledit systéme de déchargement
fermé.

Systéme de traitement sous vide, défini dans la
revendication 4, dans lequel lesdites chambres de
traitement sont groupées par paires autour de
ladite chambre tampon, et dans lequel chacune
desdites chambres de traitement a une position de
traitement de substrat qui coincide avec une ligne
droite passant a ladite distance D de I'axe vertical
de rotation dudit support rotatif.
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Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel ledit systéme de char-
gement fermé inclut une porte (80) pourvue d'un
dispositif de maintien de substrat (82), et dans
lequel ledit systéme de chargement fermé inclut, en
outre, un moyen pour transférer ledit substrat dudit
dispositif de maintien de substrat sur un desdits
supports de substrat aprés que ladite porte a été
fermée et que le vide a été fait dans ledit systeme
de chargement fermé, de maniére a ce que lesdits
supports de substrat restent sous vide poussé a
chaque instant pendant le fonctionnement du sys-
téme.

Systéme de traitement sous vide, défini dans la
revendication 6, dans lequel ledit moyen de com-
mande inclut un moyen qui permet audit moyen de
transport de transporter ledit support de substrat
parmi les supports de substrat dans ledit systéme
de chargement fermé afin de recevoir ledit substrat
seulement lorsque le vide a été fait dans ledit sys-
téme de chargement fermé.

Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel ledit systéme de
déchargement fermé (28) inclut une porte (86)
pourvue d'un dispositif de maintien de substrat, et
dans lequel ledit systéme de déchargement fermé
inclut, en outre, un moyen pour transférer ledit
substrat de I'un desdits supports de substrat sur
ledit dispositif de maintien de substrat avant que
ledit systéme de déchargement fermé soit mis a
l'atmosphére, de maniére a ce que lesdits supports
de substrat restent sous vide poussé a chaque ins-
tant pendant le fonctionnement du systéme.

Systéme de traitement sous vide, défini dans la
revendication 8, dans lequel ledit moyen de com-
mande inclut un moyen pour permettre audit moyen
de transport de transporter ledit support de substrat
parmi les supports de substrat dudit systéme de
déchargement fermé vers ladite chambre tampon
avant que ledit systéme de déchargement fermé
soit mis & l'atmosphére pour permetire le retrait
dudit substrat.

Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel chacun desdits sup-
ports de substrat inclut un moyen (102, 104) pour
maintenir un substrat en verre rectangulaire suivant
une orientation verticale, ses bords formant un
angle de 45° environ par rapport a I'horizontale.

Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel six desdites chambres
de traitement sont disposées autour de ladite
chambre tampon, et dans lequel six desdits sup-
ports de substrat sont utilisés pour transporter les
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substrats a l'intérieur dudit systéme.

Systéme de traitement sous vide, défini dans la
revendication 11, dans lequel lesdites chambres de
traitement incluent une ou plusieurs chambre/s de
pulvérisation et une ou plusieurs chambre/s de pré-
chauffage.

Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel ledit moyen de trans-
port (110, 112) inclut plusieurs rouleaux (116) et un
moyen (120, 122) pour faire tourner lesdits rou-
leaux.

Systéme de traitement sous vide, défini dans la
revendication 13, dans lequel lesdits rouleaux sont
situés sous ledit substrat afin d'empécher la conta-
mination dudit substrat par des particules.

Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel ledit support rotatif
inclut des premiére et seconde positions de support
de substrat situées a une distance égale D par rap-
port & l'axe vertical de rotation dudit support rotatif.

Systéme de traitement sous vide, défini dans la
revendication 15, dans lequel chacune desdites
chambres de traitement a une position de traite-
ment de substrat située le long d'une ligne droite
passant a ladite distance D de I'axe vertical de rota-
tion dudit support rotatif, de maniére a ce que les-
dits supports de substrat puissent étre déplacés le
long de ladite ligne droite entre les premiére et
seconde positions de support de substrat sur ledit
support rotatif et ladite position de traitement de
substrat.

Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel chacun desdits sup-
ports de substrat comprend une plaque ayant un
premier et un second bords supérieurs qui se cou-
pent & angle droit, lesdits premier et second bords
supérieurs étant chacun pourvu d'une rainure
adaptée pour recevoir ledit substrat.

Systéme de traitement sous vide, défini dans la
revendication 17, dans lequel ledit moyen de trans-
port comprend plusieurs rouleaux sur lesquels
ladite plaque est appuyée et un moyen permettant
de faire tourner lesdits rouleaux pour transporter
ladite plaque.

Systéme de traitement sous vide, défini dans la
revendication 18, dans lequel ledit moyen de trans-
port inclut, en outre, des roues de guidage qui
butent contre les c6tés de ladite plagque et maintien-
nent ladite plaque en position verticale au cours de
son transport a travers ledit systéme.
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Systéme de traitement sous vide, défini dans la
revendication 1, dans lequel ledit systéme de char-
gement fermé et ledit systéme de déchargement
fermé comprennent chacun:

une enceinte définissant un sas;

un dispositif de transport de supports pour
transporter un support de substrat (64) vers
ledit sas et vers ladite chambre tampon cen-
trale, et entre les deux;

un systéme de porte (406) comprenant une
porte (416), un bras de support de substrat
(420) et un mécanisme de transfert pour trans-
férer un substrat sur ledit bras de support et sur
ledit support de substrat, et entre les deux; et
un mécanisme d'entrainement linéaire (407)
pour déplacer ledit systiéeme de porte de
maniére linéaire entre une position ouverte
permettant le transfert d'un substrat sur ledit
bras de support ou depuis celui-ci, et une posi-
tion fermée permettant le transfert dudit subs-
trat sur ledit bras de support et sur ledit support
de substrat, et entre les deux.

Systéme de traitement sous vide, défini dans la
revendication 20, dans lequel ledit mécanisme de
transfert comprend un chariot mobile (462) sur
lequel ledit bras de support de substrat est fixé de
maniére rigide, un moteur de commande (460) et
un mécanisme de liaison & came couplé entre ledit
moteur de commande et ledit chariot mobile et per-
mettant de déplacer ledit chariot et ledit bras de
support de substrat le long d'une trajectoire pres-
crite.

Systéme de traitement sous vide, défini dans la
revendication 21, dans lequel ladite trajectoire pres-
crite inclut un premier segment dans lequel ledit
bras de support se déplace en direction dudit sup-
port de substrat, un second segment dans lequel
ledit bras de support se déplace verticalement pour
lever ou baisser ledit substrat, et un troisiéme seg-
ment pour éloigner ledit bras de support dudit sup-
port de substrat.

Procédé pour manipuler des substrats dans un sys-
téme de traitement sous vide, comprenant les éta-
pes consistant a:

a) fournir un systéme de traitement sous vide
comprenant une chambre tampon centrale, un
systéme de chargement fermé, un systéme de
déchargement fermé, deux chambres de traite-
ment, ou plus, disposées autour de ladite
chambre tampon et reliées a ladite chambre
tampon, et deux supports de substrat, ou plus,
pour transporter des substrats a l'intérieur dudit
systéme, chacun desdits supports de substrat
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supportant un substrat suivant une orientation
verticale au cours de son transport a l'intérieur
du systéeme;

b) charger un substrat dans le systéme de
chargement fermé et faire le vide dans le sys-
téme de chargement fermé;

c) transférer le substrat sur un desdits supports
de substrat;

d) transporter le substrat et le support de subs-
trat du systeme de chargement fermé sur un
support rotatif dans la chambre tampon;

e) faire tourner le support rotatif autour d'un
axe vertical de rotation de maniére a le mettre
dans 'alignement d'une chambre de traitement
sélectionnée parmi lesdites chambres de trai-
tement;

f) transporter le substrat et le support de subs-
trat horizontalement du support rotatif dans
ladite chambre de traitement sélectionnée;

g) traiter le substrat dans ladite chambre de
traitement sélectionnée, le support de substrat
supportant le substrat suivant une orientation
verticale a lintérieur de la chambre de traite-
ment indépendamment du support rotatif et de
la chambre tampon;

h) transporter le substrat et le support de subs-
trat horizontalement de ladite chambre de trai-
tement sélectionnée sur le support rotatif;

i) faire tourner le support rotatif de maniére a le
metire dans l'alignement du systéme de
déchargement fermé;

j) transporter le substrat et le support de subs-
trat du support rotatif dans le systéme de
déchargement fermé;

k) transférer le substrat du support de substrat
dans le systéme de déchargement fermé;

l) transporter le support de substrat du systeme
de déchargement fermé sur le support rotatif
dans la chambre tampon centrale;

m) mettre le systéme de déchargement fermé
a I'atmosphére et retirer le substrat du systéeme
de déchargement fermé; et

n) répéter les étapes b) & m) pour deux subs-
trats ou plus d'une maniére multiplexée dans le
temps de fagon a ce que les deux substrats, ou
plus, soient traités en méme temps par ledit
systéme.

Procédé pour manipuler des substrats, défini dans
la revendication 23, incluant, en outre, la répétition
des étapes €) a h) pour deux chambres de traite-
ment ou plus.

Procédé pour manipuler des substrats, défini dans
la revendication 24, incluant, en outre, I'étape pré-
voyant des premiére et seconde positions de sup-
port de substrat sur ledit support rotatif, lesdites
premiére et seconde positions de support de subs-

10

15

20

25

30

35

40

45

50

55

19

trat étant situées a une distance égale D par rap-
port a I'axe vertical de rotation dudit support rotatif.
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